This research aimed at reveal the reasons for the extra Co-Cr-W alloy wastage in the risers in sand casting. The alloy filling behaviour in both the original and modified moulds was investigated numerically. The alloy-air interface was captured by using Volume of Fraction method. For the original mould, an unfilled volume in the vicinity of the runner bar top was apparent and it was refilled by a back flow, originated from the risers in the late stage of filling.
Introduction 1
Sand casting process involves two main stages: the filling stage and the so- For the filling stage, the simulation can give a visualization of the filling of the 6 mould. This cannot be observed in the experiment due to closed sand mould. Therefore, the numerical simulation is a powerful tool compared to the exper-8 imental research. Several numerical schemes were introduced to capture the 9 movement of interface between the air and the liquid alloy in the filling stage.
10
The VOF-Leer scheme was adopted to simulate the three-dimensional filling 11 behaviour of the liquid metals in the mould through two cases (Chan et.al., 12 1991): slow filling to the large scale sand-casting mould and a die-casting pro- was also adopted (Ravindran and Lewis, 1998) to track the movement of the 16 metal front on a fixed mesh. This selection avoided the difficulties that usu-17 ally occurred when a step function was transported by the pure advection. An 18 adaptive grid method was developed for the tetrahedral and hexahedral ele-19 ments to simulate the mould filling for casting process Kim (Kim et.al., 2006) .
20
A sharp interface solution algorithm (SOLA) particle level set method based on 21 the finite difference analysis was considered by Pang (Pang et.al., 2010) . This 22 straightforward method was successfully validated against the benchmark sim-23 ulation (Sirrell et.al., 1995) . To take into account the effect of the sand mould 24 coating permeability, a mathematical model was developed based on the SOLA- respectively (Cox et.al., 2000) .
38
The present research is based on an industrial problem, raised by a local com- 2. the solutions to reduce the extra alloy wastage in both risers, which was 43 categorised as "revert".
44
To address the above two concerns, the characterization of the liquid Co-Cr-
45
W alloy filling behaviour within the specific mould configuration shall be con- flow behaviour is governed by the incompressible flow Navier-Stokes equations:
where u, ∇p, ν and F g are velocity, pressure gradient, kinematic viscosity and 70 the gravity force, respectively. VoF model was adopted as the multiphase model 
whereṁ AL (resp.ṁ LA ) denotes the mass transfer from L (resp. A) phase to 80 A (resp. L) phase. α L denotes the volume of fraction of phase L in the cell.
81
Therefore, for a single cell:
In Eq.(3), S L is the source term of L-phase. In the present research, the conti- be simplified as:
For the A-phase, the volume of fraction can be obtained by the following con-87 strain:
The filling process is much shorter than the solidification process so that an 89 assumption could be considered: the flow behaviour is temperature independent
90
(isothermal) during the filling stage. The SIMPLE scheme (Ferziger and Peric, is shown in Fig.2(a) . Region I and II refer to the regions before and after the walls. The unstructured mesh was used, as shown in Fig.2(b) . The total number 116 of the elements was 142742.
117
A c c e p t e d M a n u s c r i p t
Results and discussion

118
Due to the complexity of the mould configuration, the cavity is presented 119 by using two regions: Region I and Region II. The filling behaviour in Region I 120 and II was discussed in section 3.1 and 3.2, respectively. in Region I at different ts.
126
alloy enters the mould from the pouring basin. The flow, driven by the gravity
127
A c c e p t e d M a n u s c r i p t (along -z axis), reaches bottom of the choke through the sprue (Fig.3(a) ). The along z-axis direction until it reaches the choke top wall (Fig.3(b) )). However,
134
due to the gravity, the liquid alloy flows back to the bottom part( Fig.3(c) ). The (Fig.3(f) ). The back flow refilling process of the unfilled volume in the runner bar ( Fig.5 187 (e)), identified by the simulation, can not be observed in the filling experiment.
188
This is because that the mould cavity is entirely covered by the sand. This risers, as shown in Fig.7 . Here, h 1 (resp. h 3 ) and h 2 (resp. h 4 ) denote the height 
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